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TO: Senate Committee on Housing, Rural Issues and Forestry and Assembly Committee oh Housing
and Real Estate.

FROM: Mike Tierney. Legislative Liaison, Department of Safety and Professional Services

RE: CR 23-007 update of the Wisconsin Commercial Building Code

Chair Brooks, Chair Quinn and respective members of the Assembly and Senate,

Thank you for holding this public hearing today on Clearinghouse Rule 23-007. 1 am joined here today
by Richard Paur who served as Chair of the Advisory Code Council. Division Administrator Branden
Piper, Bureau Director Garry Krause, and Section Chief Justin Gavin. Their work reviewing the 2021
IBC, current Wisconsin code, and seeking out public input resulted in the rule language you see before
you today.

The current Wisconsin Building Code was published in the spring of 2018 and went into effect on May
I of that year. Current code adopts, by reference, provisions contained in the 2015 version of the IBC
released by the International Code Council. While the IBC is updated on a three-year cycle, Wisconsin
has traditionally updated the code on a six-year cycle.

As of July, of last year, 25 states and three US territories have adopted newer versions of the IBC than
Wisconsin. States are continually in the process of updating codes, so at this time other states may have
adopted or be close to adopting more recent code versions.

Maintaining the six-year cycle is important for our state - not just to ensure that our code keeps pace
with the best practices, safety standards and design requirements. The version of the code adopted by
reference weighs heavily when insurance companies are setting their rates. Not updating the code will
increase insurance cost for Wisconsin businesses.

We met with Chair Brooks and Chair Quinn’s offices last week Wednesday to discuss the rule and share
background information. Mr. Paur and Section Chief Gavin can summarize the work of the Council on
this update and summarize highlights. This may address questions members may have and then will be
happy to answer any remaining questions from members.
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DATE: July 18, 2023

TO: Members of the Senate Committee on Housing, Rural Issues and Forestry;
Members of the Assembly Committee on Housing and Real Estate

FROM: Clean Wisconsin

RE:  Please Support CR 23-007 relating to the Commercial Building Code

Thank you for the opportunity to provide testimony. My name is Erik Kanter, and I am the government
relations director at Clean Wisconsin. Clean Wisconsin is a non-profit environmental advocacy
organization working on clean water, clean air and clean energy issues. We were founded over fifty years
ago and have over 30,000 members and supporters around the state. We employ scientists, policy experts

and attorneys to protect and improve Wisconsin’s environment.

Clean Wisconsin supports CR 23-007, which makes long-overdue modifications to Wisconsin’s
commercial building code to bring our state up to date with the minimum standards of the 2021

International Energy Conservation Code.

Wisconsin’s building code is critical to reducing air pollution and greenhouse-gas emissions associated
with energy usage by commercial buildings. Emissions from buildings are a significant contributor to
climate change; according to the EPA, commercial and residential buildings contribute approximately
13% of total greenhouse-gas emissions both in Wisconsin' and nationally.” Increased efficiency in
commercial buildings also reduces emissions of criteria air pollutants that harm human health, as lower

electricity demand decreases the combustion fossil fuels that still dominate Wisconsin’s electricity

supply.’

! Governor’s Task Force on Climate Change Report, 17,
https://climatechange.wi.gov/Documents/Final%20Report/GovernorsTaskForceonClimateChangeReport-
HighRes.pdf.

2 Environmental Protection Agency website, https://www.epa.gov/ghgemissions/sources-greenhouse-gas-
emissions.

* Energy Information Administration, “Wisconsin State Profile,” 2020. https://www.eia.gov/state/print.php?sid=WI
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The proposed updates represent a significant step forward in curtailing emissions from buildings. The
Pacific Northwest National Laboratory, a laboratory managed by the U.S. Department of Energy’s Office
of Science, projects that just updating from the 2018 version of the International Energy Conservation
Code to the 2021 version would result in a reduction of 5,272,000 metric tons of carbon dioxide
emissions and 436 metric tons of methane emissions over the next 30 years. Since Wisconsin is actually
fwo updates behind and uses the 2015 International Energy Conservation Code, we can expect the

emissions reductions from adopting the 2021 code to be more than double these figures.*

The proposed update will be highly cost-effective for consumers. Adopting the 2021 International
Energy Conservation Code in Wisconsin would result is net savings of $9,650 per thousand square feet

for private buildings over their life cycle and $11,380 in net savings for public buildings.’

Moreover, the updates will have positive economic-development effects. Northwest Pacific National
Laboratory projects over 5600 new jobs statewide resulting from an update from the 2018 International
Energy Conservation Code to the 2021 code.® Again, we can expect this number to be even larger since

Wisconsin is actually updating from the 2015 code.

Clean Wisconsin thanks the Commercial Building Code Council and the dedicated staff at the Department
of Safety & Professional Services for their careful development of this proposal over nearly two
years. We look forward to Wisconsin joining our peer states with a state-of-the-art commercial building

code.

* Pacific Northwest National Laboratory projected significantly higher energy costs saving moving from the 2015
I[ECC to the 2018 [ECC than from moving from the 2018 IECC to the 2021 IECC. “Cost Effectiveness of ASHRAE
Standard 90.1-2016 for the State of Wisconsin,” August 2020, 1,
https://www.energycodes.gov/sites/default/files/2021-09/Cost-effectiveness of ASHRAE Standard 90-1-2016-
Wisconsin.pdf; “Cost Effectiveness of ANSI/ASHRAE/IES Standard 90.1-2019 for Wisconsin,” July 2021, 1,
https://www.energycodes.gov/sites/default/files/2021-07/Cost-effectiveness of ASHRAE Standard 90-1-2019-

Wisconsin.pdf.
® “Cost Effectiveness of ANSI/ASHRAE/IES Standard 90.1-2019 for Wisconsin,” 1-2, URL above.

& “Cost Effectiveness of ANSI/ASHRAE/IES Standard 90.1-2019 for Wisconsin,” 1, URL above.
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Acronyms and Abbreviations

AVERT U.S. EPA AVoided Emissions and geneRation Tool

ASHRAE American Society of Heating, Refrigerating and Air-Conditioning
Engineers

BECP Building Energy Codes Program

CHas Methane

CO: Carbon Dioxide

DOE U.S. Department of Energy

E.O. Executive Order

eGRID EPA Emissions & Generation Resource Integrated Database

EIA Energy Information Administration

EPA Environmental Protection Agency

FEMP Federal Energy Management Program

HVAC Heating, Ventilating, and Air-Conditioning

LCC Life-Cycle Cost

MMT Million Metric Tons

N2O Nitrous Oxide

NOXx Nitrogen Oxides

NIST National Institute of Standards and Technology

PNNL Pacific Northwest National Laboratory

SOx Sulfur Oxides

UPVv Uniform Present Value

Acronyms and Abbreviations ii
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1.0 Highlights

Moving to the ASHRAE Standard 90.1-2019 (ASHRAE 2019) edition from Standard 90.1-2016
(ASHRAE 2016) is cost-effective for Wisconsin. Standard 90.1-2019 will provide an annual
energy cost savings of $0.055 per square foot on average across the state. It will reduce
statewide CO, emissions by 5.3 MMT (30 years cumulative), equivalent to the CO, emissions of
1,147,000 cars driven for one year.

Updating the state energy code based on Standard 90.1-2019 will also stimulate the creation of
high-quality jobs across the state. Standard 90.1-2019 is expected to result in buildings that are
energy efficient, more affordable to own and operate, and based on current industry standards
for health, comfort, and resilience.

The tables below show the expected impact of upgrading to Standard 90.1-2019 from a
consumer perspective and statewide perspective. These results are weighted averages for all
building types in all climate zones in the state, based on weightings shown in Table 4. The
methodology used for this analysis is consistent with the methodology used in the national cost-
effectiveness analysis.! Additional results and details on the methodology are presented in the
following sections.

Consumer Impact

Annual (first year) energy cost savings, $/ft? $0.055
Added construction cost, $/ft? -$1.144
Publicly-owned scenario LCC Savings, $/ft? 3.99
Privately-owned scenario LCC Savings, $/ft? 3.47
Statewide Impact - Emissions First Year 30 Years Cumulative
Energy cost savings, 2020$ 800,900 343,900,000
CO:2 emission reduction, Metric tons 7,560 5,272,000
CH4 emissions reductions, Metric tons 0.63 436
N20 emissions reductions, Metric tons 0.090 62
NOXx emissions reductions, Metric tons 5.27 3,677
SOx emissions reductions, Metric tons 6.29 4,384
Statewide Impact - Jobs Created First Year 30 Years Cumulative
Jobs Created Reduction in Utility Bills 71 2,256
Jobs Created Construction Related Activities 106 3,358

! National cost-effectiveness report:
https://www.energycodes.gov/development/commercial/cost_effectiveness

Cost-Effectiveness of ASHRAE Standard 90.1-2019 1
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The report provides analysis of two LCC scenarios:

e Scenario 1, representing publicly-owned buildings, considers initial costs, energy costs,
maintenance costs, and replacement costs—without borrowing or taxes.
e Scenario 2, representing privately-owned buildings, adds borrowing costs and tax impacts.

Figure 1 compares annual energy cost savings, first cost for the upgrade, and net annualized
LCC savings. The net annualized LCC savings per square foot is the annual energy savings
minus an allowance to pay for the added cost under scenario 1. Figure 2 shows overall state
weighted net LCC results for both scenarios. When net LCC is positive, the updated code
edition is considered cost-effective.
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$0.20 $4.00
$3.47
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5 @
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($1.20)
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Annual Added Annual $0.00
Energy First Net LCC Scenario 1: Scenario 2:
Savings Costs Savings Publicly-Owned Privately-Owned

Figure 1. Statewide Weighted Costs and Savings Figure 2. Overall Net Life-Cycle Cost Savings

Cost-Effectiveness of ASHRAE Standard 90.1-2019 2
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2.0 Cost-Effectiveness Results for
ASHRAE Standard 90.1-2019 in Wisconsin

This section summarizes the cost-effectiveness analysis results applicable to the building
owner. Life Cycle Cost (LCC) savings is the primary measure established by the U.S.
Department of Energy to assess the cost effectiveness and economic impact of building energy
codes. Net LCC savings is the calculation of the present value of energy savings minus the
present value of non-energy incremental costs over a 30-year period. The non-energy
incremental costs include initial equipment and construction costs, and maintenance and
replacement costs, less the residual value of components at the end of the 30-year period.
When net LCC is positive, the updated code edition is considered cost-effective. Savings are
computed for two scenarios:

e Scenario 1: represents publicly-owned buildings, includes costs for initial equipment and
construction, energy, maintenance and replacement and does not include loans or
taxes.

e Scenario 2: represents privately-owned buildings, includes the same costs as Scenario
1, with the initial investment financed through a loan amortized over 30 years and federal
and state corporate income tax deductions for interest and depreciation.

Both scenarios include the residual value of equipment with remaining useful life at the end of
the 30-year assessment period. Totals for building types, climate zones, and the state overall
are averages based on Table 4 construction weights. Factors such as inflation and discount
rates are different between the two scenarios, as described in the Cost-Effectiveness
Methodology section.

LCC is affected by many variables, including the applicability of individual measures in the code,
measure costs, measure lifetime, replacement costs, state cost adjustment, energy prices, and
so on. In some cases, the LCC can be negative for a given building type or climate zone based
on the interaction of these variables. However, the code is considered cost-effective if the
weighted statewide LCC is positive.

Table 1 shows the present value of the net LCC savings over 30 years for buildings in scenario
1 averages $3.99 per square foot for Standard 90.1-2019.

Table 1. Net LCC Savings for Wisconsin, Scenario 1 ($/ft?)

Stand-Alone Primar Mid-Rise All Buildi
: Y Small Hotel o Sl

Climate Z Small Offi L Offi
{MSEE SONE e ice Targe Ditice Retail School Apartment Types

$4.13 $4.94 $13.83 $2.05 $3.84
$4.15 $5.04 $13.81 $2.22 $4.65

State Average $4.13 $4.39 $4.97 $13.82 $2.07

Table 2 shows the present value of the net LCC savings over 30 years averages $3.47 per
square foot for scenario 2.

Cost-Effectiveness of ASHRAE Standard 90.1-2019 3
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Table 2. Net LCC Savings for Wisconsin, Scenario 2 ($/ft?)

Stand-Alone Primary Mid-Rise All Building
. Small Hotel
Retail School Apartment Types

Climate Zone Small Office Large Office

$13.37 $3.34
$13.35 $4.06
State Average $13.36 $1.85 $3.47

2.1 Energy Cost Savings

Table 3 shows the economic impact of upgrading to Standard 90.1-2019 by building type and
climate zone in terms of the annual energy cost savings in dollars per square foot. The annual
energy cost savings across the state averages $0.055 per square foot.

Table 3. Annual Energy Cost Savings for Wisconsin ($/ft?)

Stand-Alone Primary Mid-Rise All Building
Small Hotel

Climate Zone Small Office Large Office s
Retail School Apartment Types

$0.045 $0.054 $0.088 $0.065 $0.076 $0.018 $0.053
$0.045 $0.055 $0.080 $0.068 $0.075 $0.019 $0.062
State Average $0.045 $0.054 $0.086 $0.076 $0.018 $0.055

2.2 Construction Weighting of Results

Energy and economic impacts were determined and reported separately for each building type
and climate zone. Cost-effectiveness results are also reported as averages for all prototypes
and climate zones in the state. To determine these averages, results were combined across the
different building types and climate zones using weighting factors shown in Table 4. These
weighting factors are based on the floor area of new construction and major renovations for the
six analyzed building prototypes in state-specific climate zones. The weighting factors were
developed from construction start data from 2003 to 2018 (Dodge Data & Analytics) based on
an approach documented in Lei, et al.

Table 4. Construction Weights by Building Type

Stand-Alone Primary Small Mid-Rise All Building
Retail School Hotel Apartment Types

Climate Zone

28.4% 81.2%
8.4% 18.8%
State Average 33.1% 100.0%

2.3 Incremental Construction Cost

Cost estimates were developed for the differences between Standard 90.1-2016 and Standard
90.1-2019 as implemented in the six prototype models. Costs for the initial construction include
material, labor, commissioning, construction equipment, overhead and profit. Costs were also
estimated for replacing equipment or components at the end of the useful life. The costs were

Cost-Effectiveness of ASHRAE Standard 90.1-2019 4
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developed at the national level for the national cost-effectiveness analysis and then adjusted for
local conditions using a state construction cost index (Hart et al. 2019, Means 2020a,b).

Table 5 shows incremental initial cost for individual building types in state-specific climate zones
and weighted average costs by climate zone and building type for moving to Standard 90.1-
2019 from Standard 90.1-2016.

The added construction cost can be negative for some building types, which represents a
reduction in first costs and a savings that is included in the net LCC savings. This is typically
due to the interaction between measures and situations such as the following:

o Fewer light fixtures are required when the allowed lighting power is reduced. Also,
changes from fluorescent to LED technology result in reduced lighting costs in many
cases and longer lamp lives, requiring fewer lamp replacements.

o Smaller heating, ventilating, and air-conditioning (HVAC) equipment sizes can result
from the lowering of heating and cooling loads due to other efficiency measures, such as
better building envelopes. For example, Standard 90.1-2019 has more stringent
fenestration U-factors for some climate zones. This results in smaller equipment and
distribution systems, resulting in a negative first cost.

Table 5. Incremental Construction Cost for Wisconsin ($/ft?)

Stand-Alone Primar Mid-Rise All Buildi
: Y Small Hotel o Sl

Retail School Apartment Types

5A ($1.845) ($2.138) ($1.383) ($2.115) $0.674 ($0.402) ($1.110)
6A ($1.816) ($2.116) ($1.363) ($2.134) $0.686 ($0.457) ($1.292)
State Average ($1.837) ($2.136) ($1.378) ($2.121) $0.678 ($0.407) ($1.144)

Climate Zone Small Office Large Office

2.4 Simple Payback

Simple payback is the total incremental first cost divided by the annual savings, where the
annual savings is the annual energy cost savings less any incremental annual maintenance
cost. Simple payback is not used as a measure of cost-effectiveness as it does not account for
the time value of money, the value of energy cost savings that occur after payback is achieved,
or any replacement costs that occur after the initial investment. However, it is included in the
analysis for states who wish to use this information. Table 6 shows simple payback results in
years.

Table 6. Simple Payback for Wisconsin (Years)

Small Large Stand-Alone Primary Small Mid-Rise All Building

Climate Zone
Office Office Retail School Hotel Apartment Types

5A Immediate  Immediate  Immediate  Immediate Immediate
6A Immediate  Immediate  Immediate  Immediate Immediate
State Average Immediate  Immediate  Immediate = Immediate Immediate  Immediate

Cost-Effectiveness of ASHRAE Standard 90.1-2019 5
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3.0 Societal Benefits

3.1 Benefits of Energy Codes

It is estimated that by 2060, the world will add 2.5 trillion square feet of buildings, an area equal
to the current building stock. As a building's operation and environmental impact is largely
determined by upfront decisions, energy codes present a unique opportunity to assure savings
through efficient building design, technologies, and construction practices. Once a building is
constructed, it is significantly more expensive to achieve higher efficiency levels through later
modifications and retrofits. Energy codes ensure that a building's energy use is included as a
fundamental part of the design and construction process. Making this early investment in energy
efficiency will pay dividends to residents of Wisconsin for years into the future.

3.2 Greenhouse Gas Emissions

The urban built environment is responsible for 75% of annual global greenhouse gas (GHG)
emissions while buildings alone account for 39%.2 While carbon dioxide emissions represent the
largest share of greenhouse gas emissions, building electricity use and on-site fossil fuel
consumption also contribute to other emissions, two of which, methane (CH,4) and nitrous oxide
(N20), are significant greenhouse gases in their own right.

For natural gas combusted on site, emission metrics are developed using nationwide emission
factors from U.S. Environmental Protection Agency publications for CO,, NOx, SO, CH,4 and
N20 (EPA 2014).

For electricity, marginal carbon emission factors are provided by the U.S. Environmental
Protection Agency (EPA) AVoided Emissions and geneRation Tool (AVERT) version 3.0 (EPA
2020). The AVERT tool forms the basis of the national marginal emission factors for electricity
also published by EPA on its Greenhouse Gas Equivalencies Calculator website and are based
on a portfolio of energy efficiency measures examined by EPA. AVERT is used here to provide
marginal CO, emission factors at the State level.> AVERT also provides marginal emission
factor estimates for gaseous pollutants associated with electricity production, including NOx and
SO, emissions. While not considered significant greenhouse gases, these are EPA tracked
pollutants. The current analysis uses AVERT to provide estimates of corresponding emission
changes for NOx and SO in physical units but does not monetize these.

AVERT does not develop associated marginal emissions factors for CH. or N>O. To provide
estimates for the associated emission reductions for CHs and N-O, this report uses emission
factors separately provided through the U.S. Environmental Protection Agency (EPA) Emissions

2 Architecture 2030, https://architecture2030.0rg/2030_challenges/2030-challenge

3 AVERT models avoided emissions in 14 geographic regions of the 48 contiguous United States and
includes transmission and distribution losses. Where multiple AVERT regions overlap a state’s
boundaries, the emission factors are calculated based on apportionment of state electricity savings by
generation across generation regions. The most recent AVERT 3.0 model uses EPA emissions data for
generators from 2019. Note that AVERT estimates are based on marginal changes to demand and reflect
current grid generation mix. Emission factors for electricity shown in Table 7 do not take into account long
term policy or technological changes in the regional generation mix that can impact the marginal emission
benefits from new building codes.

Cost-Effectiveness of ASHRAE Standard 90.1-2019 6
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& Generation Resource Integrated Database (eGRID) dataset. eGRID is a comprehensive
source of data on the environmental characteristics of almost all electric power generated in the
United States and the emission characteristics for electric power generation for each of the
above emissions can also be found aggregated down to the state level in eGRID (EPA 2021a).
The summary emission factor data provided by eGRID does not provide marginal emission
factors, but instead summarizes emission factors in terms of total generation emission factors
and non-baseload generation emission factors. Non-baseload emission factors established in
eGRID are developed based on the annual load factors for the individual generators tracked by
the EPA (EPA 2021b). Because changes in building codes are unlikely to significantly impact
baseload electrical generators, the current analysis uses the 2019 non-baseload emission
factors established in eGRID by state to estimate CH4; or N2O emission reductions due to
changes in electric consumption.

Table 7 summarizes the marginal emission factors available from AVERT, eGRID and the EPA
Greenhouse Gas Equivalencies Calculator.

Table 7. Greenhouse Gas Emission Factors by Fuel Type

Electricity Natural Gas
GHG Ib/MWh (Ib/mmcf)
CO2 1,850 120,000
SOz 1.628 0.6
NOx 1.279 96
N20 0.023 0.23
CH4 0.160 2.3

Table 8 shows the annual first year and projected 30-year energy cost savings. This table also
shows first year and projected 30-year greenhouse gas (CO;, CHa4, and N2O) emission
reductions, in addition to NOx and SO; reductions.

Table 8. Societal Benefits of Standard 90.1-2019

Statewide Impact First Year 30 Years Cumulative
Energy cost savings, 2020% 800,900 343,900,000
CO2z emission reduction, Metric tons 7,560 5,272,000

CHa4 emissions reductions, Metric tons 0.63 436

N20 emissions reductions, Metric tons 0.090 62

NOx emissions reductions, Metric tons 5.27 3,677

SOx emissions reductions, Metric tons 6.29 4,384

3.3 Jobs Creation through Energy Efficiency

Energy-efficient building codes impact job creation through two primary value streams:

1. Dollars returned to the economy through reduction in utility bills and resulting increase in
disposable income, and;

2. An increase in construction-related activities associated with the incremental cost of
construction that is required to produce a more energy efficient building.

Cost-Effectiveness of ASHRAE Standard 90.1-2019 7
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When a building is built to a more stringent energy code, there is the long-term benefit of the
ratepayer paying lower utility bills.

e This is partially offset by the increased cost of that efficiency, establishing a relationship
between increased building energy efficiency and additional investments in construction
activity.

e Since building codes are cost-effective, (i.e., the savings outweigh the investment), a
real and permanent increase in wealth occurs that can be spent on other goods and
services in the economy, just like any other income, generating economic benefits and
creating additional employment opportunities.

Table 9 shows the number of jobs created because of efficiency gains in Standard 90.1-2019.
Table 9. Jobs Created from Standard 90.1-2019

Statewide Impact First Year 30 Years Cumulative
Jobs Created Reduction in Utility Bills 71 2,256
Jobs Created Construction Related Activities 106 3,358

Cost-Effectiveness of ASHRAE Standard 90.1-2019 8



PNNL-31537

4.0 Overview of the Cost-Effectiveness Methodology

This analysis was conducted by Pacific Northwest National Laboratory (PNNL) in support of the
DOE Building Energy Codes Program. DOE is directed by federal law to provide technical
assistance supporting the development and implementation of residential and commercial
building energy codes. The national model energy codes — the International Energy
Conservation Code (IECC) and ANSI/ASHRAE/IES Standard 90.1 — help adopting states and
localities establish minimum requirements for energy-efficient building design and construction,
as well as mitigate environmental impacts and ensure residential and commercial buildings are
constructed to modern industry standards.

The current analysis evaluates the cost-effectiveness of Standard 90.1-2019 relative to
Standard 90.1-2016. The analysis covers six commercial building types. The analysis is based
on the current prescriptive requirements of Standard 90.1. The simulated performance rating
method is not in the scope of this analysis, as it is generally based on the core prescriptive
requirements of Standard 90.1, and due to the unlimited range of building configurations that
are allowed. Buildings complying via this path are generally considered to provide equal or
better energy performance compared to the prescriptive requirements, as the intent of these
paths is to provide additional design flexibility and cost optimization, as dictated by the builder,
designer, and owner.

The current analysis is based on the methodology by DOE for assessing building energy codes
(Hart and Liu 2015). The LCC analysis perspective described in the methodology appropriately
balances upfront costs with longer term consumer costs and savings and is therefore the
primary economic metric by which DOE evaluates the cost-effectiveness of building energy
codes.

4.1 Cost-Effectiveness

DOE has established standard economic LCC cost-effectiveness analysis methods in
comparing Standard 90.1-2019 and Standard 90.1-2016, which are described in Methodology
for Evaluating Cost-effectiveness of Commercial Energy Code Changes (Hart and Liu 2015).
Under this methodology, two metrics are used:

e Net LCC Savings: This is the calculation of the present value of energy savings minus the
present value of non-energy incremental costs over a 30-year period. The costs include
initial equipment and construction costs, maintenance and replacement costs, less the
residual value of components at the end of the 30-year period. When net LCC is positive,
the updated code edition is considered cost-effective.

o Simple Payback: While not a true cost-effectiveness metric, simple payback is also
calculated. Simple payback is the number of years required for accumulated annual energy
cost savings to exceed the incremental first costs of a new code.

Two cost scenarios are analyzed:

e Scenario 1 represents publicly-owned buildings, considers initial costs, energy costs,
maintenance costs, and replacement costs without borrowing or taxes.

e Scenario 2 represents privately-owned buildings and includes the same costs as Scenario 1
plus financing of the incremental first costs through increased borrowing with tax impacts
including mortgage interest and depreciation deductions. Corporate tax rates are applied.

Cost-Effectiveness of ASHRAE Standard 90.1-2019 9
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The cost-effectiveness analysis compares the cost for new buildings meeting Standard 90.1-
2019 versus new buildings meeting Standard 90.1-2016. The analysis includes energy savings
estimates from building energy simulations and LCC and simple payback calculations using
standard economic analysis parameters. The analysis builds on work documented in Energy
Savings Analysis: ANSI/ASHRAE/IES Standard 90.1-2019 (DOE 2021), and the national cost-
effectiveness analysis documented in National Cost-effectiveness of ANSI/ASHRAE/IES
Standard 90.1- 2019 (Tyler et al. 2021).

4.2 Building Prototypes and Energy Modeling

The cost-effectiveness analysis uses six building types represented by six prototype building
energy models. These six models represent the energy impact of five of the eight commercial
principal building activities that account for 74% of the new construction by floor area covered
by the full suite of 16 prototypes. These models provide coverage of the significant changes in
ASHRAE Standard 90.1 from 2016 to 2019 and are used to show the impacts of the changes on
annual energy usage. The prototypes represent common construction practice and include the
primary conventional HVAC systems most commonly used in commercial buildings.*

Each prototype building is analyzed for each of the climate zones found within the state. Using
the U.S. DOE EnergyPlus software, the six building prototypes summarized in Table 10 are
simulated with characteristics meeting the requirements of Standard 90.1-2016 and then
modified to meet the requirements of the next edition of the code (Standard 90.1-2019). The
energy use and energy cost are then compared between the two sets of models.

Table 10. Building Prototypes

Building Prototype Floor Area (ft?) Number of Floors
Small Office 5,500 1
Large Office 498,640 13
Stand-Alone Retail 24,690 1
Primary School 73,970 1
Small Hotel 43,210 4
Mid-Rise Apartment 33,740 4

4.3 Climate Zones

Climate zones are defined in ASHRAE Standard 169, as specified in ASHRAE Standard 90.1,
and include eight primary climate zones in the United States, the hottest being climate zone 1
and the coldest being climate zone 8. Letters A, B, and C are applied in some cases to denote
the level of moisture, with A indicating humid, B indicating dry, and C indicating marine. Figure 3
shows the national climate zones. For this state analysis, savings are analyzed for each climate
zone in the state using weather data from a selected city within the climate zone and state, or
where necessary, a city in an adjoining state with more robust weather data.

4 More information on the prototype buildings and savings analysis can be found at
www.energycodes.gov/development/commercial/90.1 _models

Cost-Effectiveness of ASHRAE Standard 90.1-2019 10
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Figure 3. National Climate Zones

4.4 Cost-Effectiveness Method and Parameters

The DOE cost-effectiveness methodology accounts for the benefits of energy efficient building
construction over a multi-year analysis period, balancing initial costs against longer term energy
savings. DOE evaluates energy codes and code proposals based on LCC analysis over a multi-
year study period, accounting for energy savings, incremental investment for energy efficiency
measures, and other economic impacts. The value of future savings and costs are discounted to
a present value, with improvements deemed cost-effective when the net LCC savings (present

value of savings minus cost) is positive.

The U.S. DOE Building Energy Codes Program has established LCC analysis criteria similar to
the method used for many federal building projects, as well as other public and private building
projects (Fuller and Petersen 1995). The LCC analysis method consists of identifying costs (and
revenues if any) and in what year they occur; then determining their value in today’s dollars
(known as the present value). This method uses economic relationships about the time value of
money. Money in-hand today is normally worth more than money received in the future, which is
why we pay interest on a loan and earn interest on savings. Future costs are discounted to the

Cost-Effectiveness of ASHRAE Standard 90.1-2019
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present based on a discount rate. The discount rate may reflect the interest rate at which money
can be borrowed for projects with the same level of risk or the interest rate that can be earned
on other conventional investments with similar risk.

The LCC includes incremental initial costs, repairs, maintenance, and replacements. Scenario 2
also includes loan costs and tax impacts including mortgage interest and depreciation
deductions. The residual value of equipment (or other component such as roof membrane) that
has remaining useful life at the end of the 30-year study period is also included for both
scenarios. The residual value is calculated by multiplying the initial cost of the component by the
years of useful life remaining for the component at year 30 divided by the total useful life, a
simplified approach included in the Federal Energy Management Program (FEMP) LCC method
(Fuller and Petersen 1995). A component will have zero residual value at year 30 only if it has a
30-year life, or if it has a shorter than 30-year life that divides exactly into 30 years (for example,
a 15-year life).

The financial and economic parameters used for the LCC calculations are shown in Table 11.

Cost-Effectiveness of ASHRAE Standard 90.1-2019 12



PNNL-31537

Table 11. LCC Economic Parameters

Economic Parameter Scenario 1 Scenario 2
Study Period — Years! 30 30
Nominal Discount Rate? 3.10% 5.25%
Real Discount Rate? 3.00% 3.34%
Effective Inflation Rate3 0.10% 1.85%
Electricity Prices* (per kWh) $0.1105 $0.1105
Natural Gas Prices* (per therm) $0.6257 $0.6257
Energy Price Escalation Factors® Uniform present value factors Uniform present value factors
Electricity Price UPV® 19.17 17.37
Natural Gas Price UPV® 23.45 21.25
Loan Interest Rate® NA 5.25%
Federal Corporate Tax Rate” NA 21.00%
State Corporate Tax Rate® NA 7.90%
Combined Income Tax Impact® NA 27.24%
State and Average Local Sales 5.43% 5.43%
Tax0
State Construction Cost Index!! 0.999 0.999

1 A 30-year study period captures most building components useful lives and is a commonly used study period for building project
economic analysis. This period is consistent with previous and related national 90.1 cost-effectiveness analysis. It is also
consistent with the cost-effectiveness analysis that was done for the residential energy code as described in multiple state reports
and a summary report (Mendon et al. 2015). The federal building LCC method uses 25 years and the ASHRAE Standard 90.1
development process uses up to 40 years for building envelope code improvement analysis. Because of the time value of money,
results are typically similar for any study periods of 20 years or more.

2The Scenario 1 real and nominal discount rates are from the National Institute of Standards and Technology (NIST) 2019 annual
update in the Report of the President’s Economic Advisors, Analytical Perspectives (referenced in the NIST 2019 annual
supplement without citation) (Lavappa and Kneifel 2019). The Scenario 2 nominal discount rate is taken as the marginal cost of
capital, which is set equal to the loan interest rate (see footnote 6). The real discount rate for Scenario 2 is calculated from the
nominal discount rate and inflation.

3 The Scenario 1 effective inflation rate is from the NIST 2019 annual update for the federal LCC method (Lavappa and Kneifel
2019). The Scenario 2 inflation rate is the 30-year average Producer Price Index for non-residential construction, June 1990 to
June 2020 (Bureau of Labor Statistics 2021).

4 Scenario 1 and 2 electricity and natural gas prices are state average annual prices for 2020 from the United States Energy
Information Administration (EIA) Electric Power Monthly (EIA 2021a) and Natural Gas Monthly (EIA 2021b).

5 Scenario 1 energy price escalation rates are from the NIST 2019 annual update for the FEMP LCC method (Lavappa and Kneifel
2019). The NIST uniform present value (UPV) factors are multiplied by the first-year annual energy cost to determine the present
value of 30 years of energy costs and are based on a series of different annual escalation rates for 30 years. Scenario 2 UPV
factors are based on NIST UPVs with an adjustment made for the scenario difference in discount rates.

6 The loan interest rate is estimated from multiple online sources listed in the references (Commercial Loan Direct 2021; Realty
Rates 2021).

”The highest federal marginal corporate income tax rate is applied.

8 The highest marginal state corporate income tax rate is applied from the Federation of Tax Administrators (FTA 2021).

9 The combined tax impact is based on state tax being a deduction for federal tax and is applied to depreciation and loan interest.
10 The combined state and average local sales tax is included in material costs in the cost estimate (Tax Foundation 2020).

11 The state construction cost index is based on weighted city indices from the state (Means 2020b).
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5.0 Detailed Energy Use and Cost

On the following pages, specific detailed results for Wisconsin are included:
e Table 12 shows the average energy rates used.

e Table 13 shows the per square foot energy costs for Standard 90.1-2016 and Standard
90.1-2019 and the cost savings from Standard 90.1-2019.

e Table 14 shows the per square foot energy use for Standard 90.1-2016 and Standard 90.1-
2019 and the energy use savings from Standard 90.1-2019.

e Tables 15.A and 15.B show the energy end use by energy type for each climate zone in the
state.

Table 12. Energy Rates for Wisconsin, Average $ per unit

Electricity  $0.1105 kWh
Gas $0.6257  Therm

Source: Energy Information
Administration, annual average prices
for 2020 (EIA 2021a,b)
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Table 13. Energy Cost Saving Results in Wisconsin, $ per Square Foot

Climate Zone: 5A 6A

Code: 90.1-2016  90.1-2019 Savings 90.1-2016  90.1-2019 Savings

Small Office

Electricity $0.844 $0.799 $0.045 5.3% $0.850 $0.804 $0.047 5.5%
Gas $0.018 $0.019 -$0.001 -5.6% $0.022 $0.024 -$0.001  -4.5%
Totals $0.862 $0.818 $0.045 5.2% $0.873 $0.827 $0.045 5.2%
Large Office

Electricity $1.638 $1.585 $0.053 3.2% $1.646 $1.591 $0.055 3.3%
Gas $0.027 $0.027 $0.001 3.7% $0.027 $0.027 $0.000 0.0%
Totals $1.665 $1.612 $0.054 3.2% $1.673 $1.618 $0.055 3.3%
Stand-Alone Retail

Electricity $0.995 $0.898 $0.096 9.6% $1.027 $0.939 $0.088 8.6%
Gas $0.187 $0.195 -$0.008 -4.3% $0.192 $0.200 -$0.008 -4.2%
Totals $1.181 $1.093 $0.088 7.5% $1.219 $1.139 $0.080 6.6%
Primary School

Electricity $0.963 $0.900 $0.063 6.5% $0.973 $0.905 $0.067 6.9%
Gas $0.100 $0.098 $0.002 2.0% $0.103 $0.102 $0.001 1.0%
Totals $1.063 $0.998 $0.065 6.1% $1.076 $1.008 $0.068 6.3%
Small Hotel

Electricity $1.023 $0.948 $0.075 7.3% $1.029 $0.955 $0.074 7.2%
Gas $0.165 $0.164 $0.001 0.6% $0.168 $0.167 $0.001 0.6%
Totals $1.188 $1.112 $0.076  6.4% $1.197 $1.122 $0.075 6.3%
Mid-Rise Apartment

Electricity $1.106 $1.084 $0.022 2.0% $1.118 $1.094 $0.024 2.1%
Gas $0.040 $0.044 -$0.004 -10.0% $0.038 $0.043 -$0.005 -13.2%
Totals $1.146 $1.128 $0.018 1.6% $1.156 $1.137 $0.019 1.6%
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Table 14. Energy Use Saving Results in Wisconsin, Energy Use per Square Foot

Climate Zone: 5A 6A

Code: 90.1-2016  90.1-2019 Savings 90.1-2016  90.1-2019 Savings

Small Office

Electricity, KWh/ft? 7.642 7.233 0.409 5.4% 7.695 7.274 0.422 55%

Gas, therm/ft* 0.029 0.030 -0.001 -3.4% 0.036 0.038 -0.002 -5.6%
Totals, kBtu/ft? 28.955 27.666 1.289 4.5% 29.830 28.598 1232 4.1%

Large Office

Electricity, KWh/ft* 14.821 14.343 0.478 3.2% 14.896 14.399 0.498 3.3%

Gas, therm/ft’ 0.044 0.043 0.001 2.3% 0.043 0.042 0.000 0.0%

Totals, kBtu/ft? 54.955 53.210 1.745 3.2% 55.123 53.387 1.737 3.2%

Stand-Alone Retail

Electricity, KWh/ft? 9.001 8.129 0.872 9.7% 9.297 8.501 0.796 8.6%

Gas, therm/ft’ 0.298 0.312 -0.014 -47% 0.307 0.319 -0.013  -4.2%
Totals, kBtu/ft? 60.564 58.944 1619 2.7% 62.391 60.952 1.439 2.3%

Primary School

Electricity, KWh/ft? 8.716 8.146 0.570 6.5% 8.801 8.194 0.607 6.9%

Gas, therm/ft? 0.160 0.157 0.004 2.5% 0.165 0.164 0.002 1.2%

Totals, kBtu/ft? 45.776 43.467 2.309 5.0% 46.579 44.329 2251 4.8%

Small Hotel

Electricity, KWh/ft? 9.254 8.575 0.679 7.3% 9.316 8.644 0672 7.2%

Gas, therm/ft? 0.264 0.263 0.001 0.4% 0.268 0.267 0.001 0.4%

Totals, kBtu/ft? 57.959 55.550 2.409 4.2% 58.595 56.200 2395 4.1%

Mid-Rise Apartment

Electricity, KWh/ft* 10.009 9.811 0.199 2.0% 10.120 9.899 0.221 2.2%

Gas, therm/ft’ 0.064 0.071 -0.007 -10.9% 0.061 0.069 -0.008 -13.1%
Totals, kBtu/ft* 40.572 40.559 0.012 0.0% 40.608 40.682 -0.075 -0.2%
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Table 15.A. Annual Energy Usage for Buildings in Wisconsin in Climate Zone 5A

Energy Small Office Large Office Stand-Alone Retail Primary School Small Hotel Mid-Rise Apartment
End-Use Electric Gas Electric Gas Electric Gas Electric Gas Electric Gas Electric Gas
kWh/ therms/ kWh/ therms/ kWh/ therms/ kWh/ therms/ kWh/ therms/ kWh/ therms/
ftlyr ft.yr ft.yr ft.yr ft.yr ftlyr ftlyr ft.yr ft.yr ft.yr ft.yr ftl.yr
ASHRAE 90.1-2016
Heating, Humidification 0.954 0.029 0.817 0.032 0.000 0.261 0.000 0.097 1.186 0.026 0.000 0.064
Cooling 0.552 0.000 1.412 0.000 1.073 0.000 1.045 0.000 1.308 0.000 0.607 0.000
Fans, Pumps, Heat Recovery 0.896 0.000 1.362 0.000 1.877 0.000 1.549 0.000 1.056 0.000 0.592 0.000
Lighting, Interior & Exterior 1.892 0.000 1.961 0.000 3.864 0.000 1.423 0.000 2117 0.000 1.054 0.000
Plugs, Refrigeration, Other 2.439 0.000 9.269 0.000 2.187 0.000 4.602 0.046 3.587 0.092 4.209 0.000
Service Water Heating (SWH) 0.910 0.000 0.000 0.012 0.000 0.037 0.097 0.017 0.000 0.145 3.547 0.000
Total 7.642 0.029 14.821 0.044 9.001 0.298 8.716 0.160 9.254 0.264 10.009 0.064
ASHRAE 90.1-2019
Heating, Humidification 0.962 0.030 0.817 0.031 0.000 0.275 0.000 0.094 1.313 0.025 0.000 0.071
Cooling 0.520 0.000 1.308 0.000 0.991 0.000 0.990 0.000 1.216 0.000 0.577 0.000
Fans, Pumps, Heat Recovery 0.822 0.000 1.317 0.000 1.801 0.000 1.424 0.000 1.000 0.000 0.577 0.000
Lighting, Interior & Exterior 1.581 0.000 1.632 0.000 3.150 0.000 1.178 0.000 1.460 0.000 0.900 0.000
Plugs, Refrigeration, Other 2.438 0.000 9.269 0.000 2.187 0.000 4.458 0.046 3.587 0.092 4.209 0.000
Service Water Heating (SWH) 0.910 0.000 0.000 0.012 0.000 0.037 0.097 0.017 0.000 0.145 3.548 0.000
Total 7.233 0.030 14.343 0.043 8.129 0.312 8.146 0.157 8.575 0.263 9.811 0.071
Total Savings 0.409 -0.001 0.478 0.001 0.872 -0.014 0.570 0.004 0.679 0.001 0.199 -0.007
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Table 15.B. Annual Energy Usage for Buildings in Wisconsin in Climate Zone 6A

Energy Small Office Large Office Stand-Alone Retail Primary School Small Hotel Mid-Rise Apartment
End-Use Electric Gas Electric Gas Electric Gas Electric Gas Electric Gas Electric Gas
kWh/ therms/ kWh/ therms/ kWh/ therms/ kWh/ therms/ kWh/ therms/ kWh/ therms/
ftlyr ft.yr ft.yr ft.yr ft.yr ftlyr ftlyr ft.yr ft.yr ft.yr ft.yr ftl.yr
ASHRAE 90.1-2016
Heating, Humidification 1.001 0.036 0.862 0.031 0.000 0.269 0.000 0.102 1.246 0.028 0.000 0.061
Cooling 0.567 0.000 1.421 0.000 1.140 0.000 1.094 0.000 1.315 0.000 0.656 0.000
Fans, Pumps, Heat Recovery 0.891 0.000 1.383 0.000 1.855 0.000 1.591 0.000 1.053 0.000 0.608 0.000
Lighting, Interior & Exterior 1.888 0.000 1.961 0.000 4,115 0.000 1.418 0.000 2.116 0.000 1.054 0.000
Plugs, Refrigeration, Other 2.439 0.000 9.269 0.000 2.186 0.000 4.602 0.046 3.587 0.092 4.209 0.000
Service Water Heating (SWH) 0.910 0.000 0.000 0.012 0.000 0.038 0.097 0.017 0.000 0.147 3.593 0.000
Total 7.695 14.896 0.043 9.297 0.307 8.801 0.165 9.316 0.268 10.120 0.061
ASHRAE 90.1-2019
Heating, Humidification 1.015 0.862 0.030 0.000 0.282 0.000 0.100 1.384 0.027 0.000 0.069
Cooling 0.521 0.000 1.310 0.000 1.056 0.000 1.019 0.000 1.216 0.000 0.609 0.000
Fans, Pumps, Heat Recovery 0.807 0.000 1.325 0.000 1.777 0.000 1.441 0.000 0.996 0.000 0.586 0.000
Lighting, Interior & Exterior 1.583 0.000 1.633 0.000 3.481 0.000 1.179 0.000 1.461 0.000 0.900 0.000
Plugs, Refrigeration, Other 2.438 0.000 9.269 0.000 2.186 0.000 4.458 0.046 3.587 0.092 4.209 0.000
Service Water Heating (SWH) 0.910 0.000 0.000 0.012 0.000 0.038 0.097 0.017 0.000 0.147 3.594 0.000
Total 7.274 14.399 0.042 8.501 0.319 8.194 0.164 8.644 0.267 9.899 0.069
Total Savings 0.422 -0.002 0.498 0.000 0.796 -0.013 0.607 0.002 0.672 0.001 0.221 -0.008
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1.0 Highlights

Moving to the ASHRAE Standard 90.1-2016 (ASHRAE 2016) edition from Standard 90.1-2013
(ASHRAE 2013) is cost-effective for Wisconsin. The table below shows the statewide economic
impact of upgrading to Standard 90.1-2016 in terms of the annual energy cost savings in dollars
per square foot, additional construction cost per square foot required by the upgrade, and life-
cycle cost (LCC) per square foot. These results are weighted averages for all building types in
all climate zones in the state, based on weightings shown in Table 4. The methodology used for
this analysis is consistent with the methodology used in the national cost-effectiveness
analysis.! Additional results and details on the methodology are presented in the following

sections.
Average Savings, Construction Cost and LCC
(Weighted by Climate Zone and Building Type)
Annual Cost Savings, $/ft? $0.092
Added Construction Cost, $/ft? $0.193
Publicly-owned scenario LCC Savings, $/ft? $7.39
Privately-owned scenario LCC Savings, $/ft? $6.18

The report provides analysis of two LCC scenarios:

e Scenario 1, representing publicly-owned buildings, considers initial costs, energy costs,
maintenance costs, and replacement costs—without borrowing or taxes.
e Scenario 2, representing privately-owned buildings, adds borrowing costs and tax impacts.

Figure 1 compares annual energy cost savings, first cost for the upgrade, and net annualized
LCC savings. The net annualized LCC savings per square foot is the annual energy savings
minus an allowance to pay for the added cost under scenario 1. Figure 2 shows overall state
weighted net LCC results for both scenarios. When net LCC is positive, the updated code
edition is considered cost-effective.
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Figure 1. Statewide Weighted Costs and Savings Figure 2. Overall Net Life-Cycle Cost Savings

1 National cost-effectiveness report:
https://www.energycodes.gov/development/commercial/cost_effectiveness
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2.0 Cost-Effectiveness Results for
ASHRAE Standard 90.1-2016 in Wisconsin

This section summarizes the cost-effectiveness analysis results. LCC savings is the primary
measure DOE uses to assess the economic impact of building energy codes. Net LCC savings
is the calculation of the present value of energy savings minus the present value of non-energy
incremental costs over a 30-year period. The non-energy incremental costs include initial
equipment and construction costs, and maintenance and replacement costs, less the residual
value of components at the end of the 30-year period. When net LCC is positive, the updated
code edition is considered cost-effective. Savings are computed for two scenarios:

e Scenario 1: represents publicly-owned buildings, includes costs for initial equipment and
construction, energy, maintenance and replacement and does not include loans or
taxes.

e Scenario 2: represents privately-owned buildings, includes the same costs as Scenario
1, with the initial investment financed through a loan amortized over 30 years and federal
and state corporate income tax deductions for interest and depreciation.

Both scenarios include the residual value of equipment with remaining useful life at the end of
the 30-year assessment period. Totals for building types, climate zones, and the state overall
are averages based on Table 4 construction weights. Factors such as inflation and discount
rates are different between the two scenarios, as described in the Cost-Effectiveness
Methodology section.

LCC is affected by many variables, including the applicability of individual measures in the code,
measure costs, measure lifetime, replacement costs, state cost adjustment, energy prices, and
so on. The LCC could be negative for a building type in a climate zone based on the interaction
of these variables. However, the code is considered cost-effective if the weighted statewide
LCC is positive.

Table 1 shows the present value of the net LCC savings over 30 years for buildings in scenario
1 averages $7.39 per square foot for Standard 90.1-2016.

Table 1. Net LCC Savings for Wisconsin, Scenario 1 ($/ft?)

Stand-Alone Primary small Hotel Mid-Rise All Building

Climate Zo Small Offi L Offi
HMASE SONE e ice Targe Office Retail School Apartment Types

$0.82 $11.18 $6.98 $2.35
$0.52 $12.59 $7.18 $2.04

State Average $0.80 $11.52 $4.39 $7.04 $2.33

Cost-Effectiveness of ASHRAE Standard 90.1-2016 2
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Table 2 shows the present value of the net LCC savings over 30 years averages $6.18 per
square foot for scenario 2.

Table 2. Net LCC Savings for Wisconsin, Scenario 2 ($/ft?)

Stand-Alone Primary Mid-Rise All Building
. Small Hotel
Retail School Apartment Types

Climate Zone Small Office Large Office

$0.54 $9.46 $5.95 $5.84
$0.23 $10.49 $6.08 $7.43
State Average $0.52 $9.71 $3.65 $5.99 $1.99 $6.18

2.1 Energy Cost Savings

Table 3 shows the economic impact of upgrading to Standard 90.1-2016 by building type and
climate zone in terms of the annual energy cost savings in dollars per square foot. The annual
energy cost savings across the state averages $0.092 per square foot.

Table 3. Annual Energy Cost Savings for Wisconsin ($/ft?)

Stand-Alone Primary small Hotel Mid-Rise All Building

Climate Zone Small Office Large Office .
Retail School Apartment Types

$0.103 $0.048 $0.073 $0.161 $0.200 $0.050 $0.082
$0.105 $0.045 $0.132 $0.157 $0.210 $0.048 $0.130
State Average $0.103 $0.048 $0.087 $0.160 $0.203 $0.050 $0.092

2.2 Construction Weighting of Results

Energy and economic impacts were determined and reported separately for each building type
and climate zone. Cost-effectiveness results are also reported as averages for all prototypes
and climate zones in the state. To determine these averages, results were combined across the
different building types and climate zones using weighting factors shown in Table 4. These
weighting factors are based on the floor area of new construction and major renovations for the
six analyzed building prototypes in state-specific climate zones. The weighting factors were
developed from construction start data from 2003 to 2007 (McGraw Hill Construction 2007)
based on an approach developed by Jarnagin and Bandyopadhyay (2010).

Table 4. Construction Weights by Building Type

Small Large Stand-Alone Primary Small Mid-Rise All Building
Office Office Retail School Hotel Apartment Types

Climate Zone

40.1% 6.1% 79.0%
12.8% 2.9% 21.0%
State Average 52.9% 13.6% 100.0%

2.3 Incremental Construction Cost

Cost estimates were developed for the differences between Standard 90.1-2013 and Standard
90.1-2016 as implemented in the six prototype models. Costs for the initial construction include
material, labor, commissioning, construction equipment, overhead and profit. Costs were also
estimated for replacing equipment or components at the end of the useful life. The costs were

Cost-Effectiveness of ASHRAE Standard 90.1-2016 3
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developed at the national level for the national cost-effectiveness analysis and then adjusted for
local conditions using a state construction cost index (Hart et al. 2019, Means 2018a,b).

Table 5 shows incremental initial cost for individual building types in state-specific climate zones
and weighted average costs by climate zone and building type for moving to Standard 90.1-
2016 from Standard 90.1-2013.

The added construction cost can be negative for some building types, which represents a
reduction in first costs and a savings that is included in the net LCC savings. This is due to the
following:

o Fewer light fixtures are required when the allowed lighting power is reduced. Also
changes from fluorescent to LED technology results in reduced lighting costs in many
cases and longer lamp lives, requiring fewer lamp replacements.

¢ Smaller heating, ventilating, and air-conditioning (HVAC) equipment sizes can result
from the lowering of heating and cooling loads due to other efficiency measures, such as
better building envelopes. For example, Standard 90.1-2016 has more stringent
fenestration U-factors for some climate zones. This results in smaller equipment and
distribution systems, resulting in a negative first cost.

Table 5. Incremental Construction Cost for Wisconsin ($/ft?)

Stand-Alone Primary small Hotel Mid-Rise All Building

Climate Z Small Offi L Offi
IMatE SONE e ice Large Ditice Retail School Apartment Types

$0.300 $0.197 $0.841 ($1.551) ($2.493) ($0.665)
$0.379 $0.454 $0.866 ($1.437) ($2.460) ($0.497)
State Average $0.320 $0.212 $0.847 ($2.484) ($0.656) RLE

2.4 Simple Payback

Simple payback is the total incremental first cost divided by the annual savings, where the
annual savings is the annual energy cost savings less any incremental annual maintenance
cost. Simple payback is not used as a measure of cost-effectiveness as it does not account for
the time value of money, the value of energy cost savings that occur after payback is achieved,
or any replacement costs that occur after the initial investment. However, it is included in the
analysis for states who wish to use this information. Table 6 shows simple payback results in
years.

Table 6. Simple Payback for Wisconsin (Years)

Small Large Stand-Alone Primary Small Mid-Rise All Building

Climate Z
HAEE CONE Office Office Retail School Hotel Apartment Types

5A . Immediate  Immediate  Immediate
6A Immediate  Immediate  Immediate

State Average . Immediate  Immediate  Immediate 2.1

Cost-Effectiveness of ASHRAE Standard 90.1-2016 4
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3.0 Overview of the Cost-Effectiveness Methodology

This analysis was conducted by Pacific Northwest National Laboratory (PNNL) in support of the
U.S. Department of Energy’s (DOE) Building Energy Codes Program. DOE supports the
development and implementation of energy efficient and cost-effective residential and
commercial building energy codes. These codes help adopting states and localities establish
minimum requirements for energy efficient building design and construction, as well as ensure
significant energy savings and avoided environmental impacts. LCC savings is the primary
measure DOE uses to assess the cost-effectiveness of building energy codes.

3.1 Cost-Effectiveness

DOE uses standard economic LCC cost-effectiveness analysis methods in comparing Standard
90.1-2016 and Standard 90.1-2013, which are described in Methodology for Evaluating Cost-
effectiveness of Commercial Energy Code Changes (Hart and Liu 2015). Under this
methodology, two metrics are used:

e Net LCC Savings: This is the calculation of the present value of energy savings minus the
present value of hon-energy incremental costs over a 30-year period. The costs include
initial equipment and construction costs, maintenance and replacement costs, less the
residual value of components at the end of the 30-year period. When net LCC is positive,
the updated code edition is considered cost-effective.

e Simple Payback: While not a true cost-effectiveness metric, simple payback is also
calculated. Simple payback is the number of years required for accumulated annual energy
cost savings to exceed the incremental first costs of a new code.

Two cost scenarios are analyzed:

e Scenario 1 represents publicly-owned buildings, considers initial costs, energy costs,
maintenance costs, and replacement costs without borrowing or taxes.

e Scenario 2 represents privately-owned buildings and includes the same costs as Scenario 1
plus financing of the incremental first costs through increased borrowing with tax impacts
including mortgage interest and depreciation deductions. Corporate tax rates are applied.
Economic analysis factors such as discount rates are also different, as described in Table 8.

The cost-effectiveness analysis compares the cost for new buildings meeting Standard 90.1-
2016 versus new buildings meeting Standard 90.1-2013. The analysis includes energy savings
estimates from building energy simulations and LCC and simple payback calculations using
standard economic analysis parameters. The analysis builds on work documented in Energy
Savings Analysis: ANSI/ASHRAE/IES Standard 90.1-2016 (DOE 2017), and the national cost-
effectiveness analysis documented in National Cost-effectiveness of ANSI/ASHRAE/IES
Standard 90.1- 2016 (Hart et al. 2019).

3.2 Building Prototypes and Energy Modeling

The cost-effectiveness analysis uses six building types represented by six prototype building

energy models. These six models represent the energy impact of five of the eight commercial
principal building activities that account for 74% of the new construction by floor area covered
by the full suite of 16 prototypes. These models provide coverage of the significant changes in

Cost-Effectiveness of ASHRAE Standard 90.1-2016 5
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ASHRAE Standard 90.1 from 2013 to 2016 and are used to show the impacts of the changes on
annual energy usage. The prototypes represent common construction practice and include the
primary conventional HVAC systems most commonly used in commercial buildings.?

Each prototype building is analyzed for each of the climate zones found within the state. Using
the U.S. DOE EnergyPlus software, the six building prototypes summarized in Table 7 are
simulated with characteristics meeting the requirements of Standard 90.1-2013 and then
modified to meet the requirements of the next edition of the code (Standard 90.1-2016). The
energy use and energy cost are then compared between the two sets of models.

Table 7. Building Prototypes

Building Prototype Floor Area (ft?) Number of Floors
Small Office 5,500 1
Large Office 498,640 13
Stand-Alone Retail 24,690 1
Primary School 73,970 1
Small Hotel 43,210 4
Mid-Rise Apartment 33,740 4

3.3 Climate Zones

Climate zones are defined in ASHRAE Standard 169 and include eight primary climate zones in
the United States, the hottest being climate zone 1 and the coldest being climate zone 8. Letters
A, B, and C are applied in some cases to denote the level of moisture, with A indicating humid,
B indicating dry, and C indicating marine. Figure 3 shows the national climate zones. For this
state analysis, savings are analyzed for each climate zone in the state using weather data from
a selected city within the climate zone and state, or where necessary, a city in an adjoining state
with more robust weather data.

2 More information on the prototype buildings and savings analysis can be found at
www.energycodes.gov/development/commercial/90.1 _models

Cost-Effectiveness of ASHRAE Standard 90.1-2016 6
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Figure 3. National Climate Zones

3.4 Cost-Effectiveness Method and Parameters

The DOE cost-effectiveness methodology accounts for the benefits of energy-efficient building
construction over a multi-year analysis period, balancing initial costs against longer term energy
savings. DOE evaluates energy codes and code proposals based on LCC analysis over a multi-
year study period, accounting for energy savings, incremental investment for energy efficiency
measures, and other economic impacts. The value of future savings and costs are discounted to
a present value, with improvements deemed cost-effective when the net LCC savings (present
value of savings minus cost) is positive.

The U.S. DOE Building Energy Codes Program uses an LCC analysis similar to the method
used for many federal building projects, as well as other public and private building projects
(Fuller and Petersen 1995). The LCC analysis method consists of identifying costs (and
revenues if any) and in what year they occur; then determining their value in today’s dollars
(known as the present value). This method uses economic relationships about the time value of
money. Money in-hand today is normally worth more than money received in the future, which is
why we pay interest on a loan and earn interest on savings. Future costs are discounted to the

Cost-Effectiveness of ASHRAE Standard 90.1-2016 7
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present based on a discount rate. The discount rate may reflect the interest rate at which money
can be borrowed for projects with the same level of risk or the interest rate that can be earned
on other conventional investments with similar risk.

The LCC includes incremental initial costs, repairs, maintenance and replacements. Scenario 2
also includes loan costs and tax impacts including mortgage interest and depreciation
deductions. The residual value of equipment (or other component such as roof membrane) that
has remaining useful life at the end of the 30-year study period is also included for both
scenarios. The residual value is calculated by multiplying the initial cost of the component by the
years of useful life remaining for the component at year 30 divided by the total useful life, a
simplified approach included in the Federal Energy Management Program (FEMP) LCC method
(Fuller and Petersen 1995). A component will have zero residual value at year 30 only if it has a
30-year life, or if it has a shorter than 30-year life that divides exactly into 30 years (for example,
a 15-year life).

The financial and economic parameters used for the LCC calculations are shown in Table 8.

Cost-Effectiveness of ASHRAE Standard 90.1-2016 8
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Table 8. LCC Economic Parameters

Economic Parameter Scenario 1 Scenario 2
Study Period — Years! 30 30
Nominal Discount Rate? 3.10% 6.00%
Real Discount Rate? 3.00% 4.05%
Effective Inflation Rate® -0.20% 1.87%
Electricity Prices* (per kWh) $0.1092 $0.1092
Natural Gas Prices* (per therm) $0.6174 $0.6174
Energy Price Escalation Factors® Uniform present value factors Uniform present value factors
Electricity Price UPV® 21.94 16.16
Natural Gas Price UPV® 23.69 17.45
Loan Interest Rate® NA 6.00%
Federal Corporate Tax Rate’ NA 21.00%
State Corporate Tax Rate® NA 7.90%
Combined Income Tax Impact® NA 27.24%
State and Average Local Sales 5.42% 5.42%
Tax0
State Construction Cost Index!! 0.999 0.999

1 A 30-year study period captures most building components useful lives and is a commonly used study period for building project
economic analysis. This period is consistent with previous and related national 90.1 cost-effectiveness analysis. It is also
consistent with the cost-effectiveness analysis that was done for the residential energy code as described in multiple state reports
and a summary report (Mendon et al. 2015). The federal building LCC method uses 25 years and the ASHRAE Standard 90.1
development process uses up to 40 years for building envelope code improvement analysis. Because of the time value of money,
results are typically similar for any study periods of 20 years or more.

2 The Scenario 1 real and nominal discount rates are from the National Institute of Standards and Technology (NIST) 2018 annual
update in the Report of the President’'s Economic Advisors, Analytical Perspectives (referenced in the NIST 2018 annual
supplement without citation (Lavappa and Kneifel 2018). The Scenario 2 nominal discount rate is taken as the marginal cost of
capital, which is set equal to the loan interest rate (see footnote 6). The real discount rate for Scenario 2 is calculated from the
nominal discount rate and inflation.

3 The Scenario 1 effective inflation rate is from the NIST 2018 annual update for the federal LCC method (Lavappa and Kneifel
2018). The Scenario 2 inflation rate is the Producer Price Index for non-residential construction, 1988 to 2018 (Bureau of Labor
Statistics 2019).

4 Scenario 1 and 2 electricity and natural gas prices are state average annual prices for 2018 from the United States Energy
Information Administration (EIA) Electric Power Monthly (EIA 2019a) and Natural Gas Monthly (EIA 2019b).

5 Scenario 1 energy price escalation rates are from the NIST 2018 annual update for the FEMP LCC method (Lavappa and Kneifel
2018). The NIST uniform present value (UPV) factors are multiplied by the first year annual energy cost to determine the present
value of 30 years of energy costs and are based on a series of different annual escalation rates for 30 years. Scenario 2 UPV
factors are based on NIST UPVs with an adjustment made for the scenario difference in discount rates.

6 The loan interest rate is estimated from multiple online sources listed in the references (Commercial Loan Direct 2019; Watts
2019).

7 The highest federal marginal corporate income tax rate is applied.

8 The highest marginal state corporate income tax rate is applied from the Federation of Tax Administrators (FTA 2019).

9 The combined tax impact is based on state tax being a deduction for federal tax, and is applied to depreciation and loan interest.
10 The combined state and average local sales tax is included in material costs in the cost estimate (Tax Foundation 2018).

11 The state construction cost index based on weighted city indices from the state (Means 2018b).

Cost-Effectiveness of ASHRAE Standard 90.1-2016 9
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4.0 Detailed Energy Use and Cost

On the following pages, specific detailed results for Wisconsin are included:
e Table 9 shows the average energy rates used.

e Table 10 shows the per square foot energy costs for Standard 90.1-2013 and Standard
90.1-2016 and the cost savings from Standard 90.1-2016.

e Table 11 shows the per square foot energy use for Standard 90.1-2013 and Standard 90.1-
2016 and the energy use savings from Standard 90.1-2016.

e Tables 12.A and 12.B show the energy end use by energy type for each climate zone in the
state.

Table 9. Energy Rates for Wisconsin, Average $ per unit

Electricity ~ $0.1092 kWh
Gas $0.6174  Therm

Source: Energy Information
Administration, annual average prices
for 2018 (EIA 2019a,b)

Cost-Effectiveness of ASHRAE Standard 90.1-2016 10



Table 10. Energy Cost Saving Results in Wisconsin, $ per Square Foot

Climate Zone: 5A 6A

Code: 90.1-2013  90.1-2016 Savings 90.1-2013  90.1-2016 Savings

Small Office

Electricity $0.979 $0.875 $0.104 10.6% $0.987 $0.881 $0.105 10.6%
Gas $0.017 $0.018 -$0.001  -5.9% $0.023 $0.023 $0.000 0.0%
Totals $0.996 $0.894 $0.103 10.3% $1.009 $0.904 $0.105 10.4%
Large Office

Electricity $2.096 $2.054 $0.042 2.0% $2.099 $2.060 $0.038 1.8%
Gas $0.034 $0.029 $0.005 14.7% $0.036 $0.029 $0.007 19.4%
Totals $2.130 $2.083 $0.048 2.3% $2.134 $2.089 $0.045 2.1%
Stand-Alone Retail

Electricity $1.171 $1.012 $0.158 13.5% $1.181 $1.042 $0.139 11.8%
Gas $0.097 $0.183 -$0.086 -88.7% $0.182 $0.189 -$0.007 -3.8%
Totals $1.268 $1.195 $0.073 5.8% $1.363 $1.231 $0.132  9.7%
Primary School

Electricity $1.058 $0.894 $0.164 15.5% $1.061 $0.902 $0.159 15.0%
Gas $0.087 $0.090 -$0.003 -3.4% $0.092 $0.094 -$0.001 -1.1%
Totals $1.145 $0.984 $0.161 14.1% $1.153 $0.996 $0.157 13.6%
Small Hotel

Electricity $1.236 $1.041 $0.195 15.8% $1.252 $1.047 $0.205 16.4%
Gas $0.195 $0.190 $0.005 2.6% $0.198 $0.192 $0.005 2.5%
Totals $1.430 $1.231 $0.200 14.0% $1.450 $1.240 $0.210 14.5%
Mid-Rise Apartment

Electricity $1.298 $1.247 $0.050 3.9% $1.298 $1.251 $0.047 3.6%
Gas $0.039 $0.039 $0.000 0.0% $0.038 $0.037 $0.001 2.6%
Totals $1.336 $1.286 $0.050 3.7% $1.336 $1.288 $0.048 3.6%

Cost-Effectiveness of ASHRAE Standard 90.1-2016



Table 11. Energy Use Saving Results in Wisconsin, Energy Use per Square Foot

Climate Zone: 5A 6A

Code: 90.1-2013  90.1-2016 Savings 90.1-2013  90.1-2016 Savings

Small Office

Electricity, KWh/ft? 8.966 8.016 0.950 10.6% 9.034 8.071 0.964 10.7%
Gas, therm/ft’ 0.028 0.030 -0.001 -3.6% 0.037 0.037 0.000 0.0%
Totals, kBtu/ft® 33.414 30.315 3.099 9.3% 34.520 31.252 3.268 9.5%
Large Office

Electricity, kWh/ft’ 19.193 18.806 0.387 2.0% 19.218 18.869 0.349 1.8%
Gas, therm/ft’ 0.056 0.047 0.009 16.1% 0.058 0.046 0.012 20.7%
Totals, kBtu/ft? 71.079 68.904 2175 3.1% 71.393 69.026 2.366 3.3%
Stand-Alone Retail

Electricity, KWh/ft? 10.721 9.270 1451 13.5% 10.815 9.546 1268 11.7%
Gas, therm/ft* 0.157 0.296 -0.139 -88.5% 0.295 0.306 -0.011 -3.7%
Totals, kBtu/ft? 52.310 61.272 -8.963 -17.1% 66.376 63.134 3.242  4.9%
Primary School

Electricity, kwh/ft 9.686 8.188 1.499 15.5% 9.712 8.259 1.453 15.0%
Gas, therm/ft’ 0.141 0.146 -0.005 -3.5% 0.149 0.152 -0.002 -1.3%
Totals, kBtu/ft? 47.160 42.537 4623 9.8% 48.095 43.368 4727 9.8%
Small Hotel

Electricity, KWh/ft? 11.316 9.532 1.784 15.8% 11.468 9.501 1877 16.4%
Gas, therm/ft’ 0.315 0.308 0.008 2.5% 0.320 0.312 0.008 2.5%
Totals, kBtu/ft? 70.164 63.287 6.877 9.8% 71.142 63.912 7.230 10.2%
Mid-Rise Apartment

Electricity, KWh/ft? 11.883 11.424 0459 3.9% 11.885 11.456 0.428 3.6%
Gas, therm/ft? 0.063 0.062 0.000 0.0% 0.062 0.060 0.002 3.2%
Totals, kBtu/ft’ 46.814 45.231 1.583 3.4% 46.739 45.065 1.675 3.6%

Cost-Effectiveness of ASHRAE Standard 90.1-2016



Table 12.A. Annual Energy Usage for Buildings in Wisconsin in Climate Zone 5A

Energy Small Office Large Office Stand-Alone Retail Primary School Small Hotel Mid-Rise Apartment
End-Use Electric Gas Electric Gas Electric Gas Electric Gas Electric Gas Electric Gas
kWh/ therms/ kWh/ therms/ kWh/ therms/ kWh/ therms/ kwh/ therms/ kWh/ therms/
ftz-yr ftz-yr ft2~yr ftz-yr ftz'yr ftz-yr ftz-yr ft2~yr ft2~yr ftz'yr ft2~yr ftz'yr

ASHRAE 90.1-2013
Heating, Humidification 0.939 0.028 0.841 0.040 0.000 0.120 0.000 0.074 1.940 0.023 0.000 0.063
Cooling 0.580 0.000 2.123 0.000 1.065 0.000 1.010 0.000 1.372 0.000 0.627 0.000
Fans, Pumps, Heat Recovery 0.920 0.000 1.558 0.000 2.578 0.000 1.186 0.000 1.925 0.000 2.023 0.000
Lighting, Interior & Exterior 2.815 0.000 2.282 0.000 4.893 0.000 2.775 0.000 2.495 0.000 1.486 0.000
Plugs, Refrigeration, Other 2.439 0.000 12.388 0.000 2.186 0.000 4.619 0.046 3.585 0.092 4.208 0.000
Service Water Heating (SWH) 1.272 0.000 0.000 0.016 0.000 0.037 0.097 0.020 0.000 0.200 3.539 0.000
Total 8.966 0.028 19.193 0.056 10.721 0.157 9.686 0.141 11.316 0.315 11.883 0.063
ASHRAE 90.1-2016
Heating, Humidification 0.990 0.030 0.823 0.032 0.000 0.259 0.000 0.079 1.178 0.022 0.000 0.062
Cooling 0.524 0.000 2.129 0.000 0.977 0.000 0.889 0.000 1.322 0.000 0.584 0.000
Fans, Pumps, Heat Recovery 0.898 0.000 1.521 0.000 2.233 0.000 1.157 0.000 1.305 0.000 1.963 0.000
Lighting, Interior & Exterior 1.891 0.000 1.960 0.000 3.874 0.000 1.451 0.000 2.143 0.000 1.130 0.000
Plugs, Refrigeration, Other 2.439 0.000 12.374 0.000 2.186 0.000 4.593 0.046 3.585 0.092 4.208 0.000
Service Water Heating (SWH) 1.273 0.000 0.000 0.015 0.000 0.037 0.097 0.020 0.000 0.193 3.539 0.000
Total 8.016 0.030 18.806 0.047 9.270 0.296 8.188 0.146 9.532 0.308 11.424 0.062

Total Savings 0.950 -0.001 0.387 0.009 1.451 -0.139 1.499 -0.005 1.784 0.008 0.459 0.000

Cost-Effectiveness of ASHRAE Standard 90.1-2016
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Table 12.B. Annual Energy Usage for Buildings in Wisconsin in Climate Zone 6A

Energy Small Office Large Office Stand-Alone Retail Primary School Small Hotel Mid-Rise Apartment
End-Use Electric Gas Electric Gas Electric Gas Electric Gas Electric Gas Electric Gas
kWh/ therms/ kWh/ therms/ kWh/ therms/ kWh/ therms/ kwh/ therms/ kWh/ therms/
ftz-yr ftz-yr ft2~yr ftz-yr ftz'yr ftz-yr ftz-yr ft2~yr ft2~yr ftz'yr ft2~yr ftz'yr

ASHRAE 90.1-2013
Heating, Humidification 1.020 0.037 0.819 0.042 0.000 0.257 0.000 0.083 2.102 0.025 0.000 0.062
Cooling 0.577 0.000 2.159 0.000 1.074 0.000 1.014 0.000 1.368 0.000 0.638 0.000
Fans, Pumps, Heat Recovery 0.905 0.000 1.569 0.000 2.376 0.000 1.203 0.000 1.916 0.000 1.967 0.000
Lighting, Interior & Exterior 2.817 0.000 2.283 0.000 5.179 0.000 2.779 0.000 2.497 0.000 1.486 0.000
Plugs, Refrigeration, Other 2.438 0.000 12.388 0.000 2.186 0.000 4.619 0.046 3.585 0.092 4.208 0.000
Service Water Heating (SWH) 1.277 0.000 0.000 0.016 0.000 0.038 0.097 0.021 0.000 0.202 3.586 0.000
Total 9.034 19.218 0.058 10.815 0.295 9.712 0.149 11.468 0.320 11.885 0.062
ASHRAE 90.1-2016
Heating, Humidification 1.035 0.810 0.031 0.000 0.268 0.000 0.085 1.239 0.024 0.000 0.060
Cooling 0.539 0.000 2.183 0.000 1.012 0.000 0.944 0.000 1.329 0.000 0.618 0.000
Fans, Pumps, Heat Recovery 0.893 0.000 1.541 0.000 2.232 0.000 1.179 0.000 1.298 0.000 1.915 0.000
Lighting, Interior & Exterior 1.888 0.000 1.960 0.000 4.117 0.000 1.446 0.000 2.140 0.000 1.130 0.000
Plugs, Refrigeration, Other 2.439 0.000 12.374 0.000 2.186 0.000 4.593 0.046 3.585 0.092 4.208 0.000
Service Water Heating (SWH) 1.277 0.000 0.000 0.016 0.000 0.038 0.097 0.020 0.000 0.195 3.586 0.000
Total 8.071 18.869 0.046 9.546 0.306 8.259 0.152 9.591 0.312 11.456 0.060

Total Savings 0.964 0.000 0.349 0.012 1.268 -0.011 1.453 -0.002 1.877 0.008 0.428 0.002

Cost-Effectiveness of ASHRAE Standard 90.1-2016
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